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PERIODIC PATTERNS AND TECHNIQUE 
TO CONTROL MISALIGNMENT 



BACKGROU ND OF THE INVENTION 

The invention relates in general to metrology systems for measuring periodic 
structures such as overlay targets, and, in particular, to a metrology system employing 
diffracted light for detecting misalignment of such structures. 

Overlay error measurement requires specially designed marks to be 
strategically placed at various locations, normally in the scribe line area between dies 
on the wafers for each process. The alignment of the two overlay targets from two 
consecutive processes is measured for a number of locations on the wafer, and the 
overlay error map across the wafer is analyzed to provide feedback for the alignment 
control of lithography steppers. 

A key process control parameter in the manufacturing of integrated circuits is 
the measurement of overlay target alignment between successive layers on a 
sennconductor wafer. If the two overlay targets are misaligned relative to each other 
then the electronic devices fabricated will malfunction, and the semiconductor wafer 
will need to be reworked or discarded. 

Measurement of overlay misregistration between layers is being performed 
today with optical microscopy in different variations: brightfield, darkfield, confocal 
and mterference microscopy, as described in Levinson, "Lithography Process 
Control," chapter 5, SP1E Press Vol. TT28, 1999. Overlay targets may comprise fine 
structures on top of the wafer or etched into the surface of the wafer. For example 
one overlay target may be formed by etching into the wafer, while another adjacent 
overlay target may be a resist layer at a higher elevation over the wafer. The target 
being used for this purpose is called box-in-box where the outer box, usually 10 to 30 
um, represents the position of the bottom layer, while the inner box is smaller and 
represents the location of the upper layer. An optical microscopic image is grabbed 
for this target and analyzed with image processing techniques. The relative location 
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of the two boxes represents what is called the overlay misregistration, or the overlay. 
The accuracy of the optical microscope is limited by the accuracy of the line profiles 
in the target, by aberrations in the iUumination and imaging optics and by the image 
sampling in the camera. Such methods are complex and they require full imaging 
optics. Vibration isolation is also required. 

These techniques suffer from a number of drawbacks. First, the grabbed target 
image is highly sensitive to the optical quality of the system, which is never ideal. 
The optical quality of the system may produce errors in the calculation of the overlay 
misregistration. Second, optical imaging has a fundamental limit on resolution, which 
affects the accuracy of the measurement. Third, an optical microscope is a relatively 
bulky system. It is difficult to integrate an optical microscope into another system, 
such as the end of the track of a lithographic stepper system. It is desirable to develop 
an improved system to overcome these drawbacks. 

SUMMARY OF TTTF. INVENTION 

A target for determining misalignment between two layers of a device has two 
periodic structures of lines and spaces on the two different layers of a device. The 
two periodic structures overlie or are interlaced with each other. The layers or 
periodic structures may be at the same or different heights. In one embodiment, either 
the first periodic structure or the second periodic structure has at least two sets of 
interlaced grating lines having different periods, line widths or duty cycles. The 
invention also relates to a method of making overlying or interlaced targets. 

An advantage of the target is the use of the same diffraction system and the 
same target to measure critical dimension and overlay misregistration. Another 
advantage of the measurement of misregistration of the target is that it is free from 
25 optical asymmetries usually associated with imaging. 

The invention also relates to a method of detecting misaUgnment between two 
layers of a device. The overlying or interlaced periodic structures are illuminated by 
incident radiation. The diffracted radiation from the overlying or interlaced periodic 
structures is used to provide an output signal. In one embodiment, a signal is derived 
from the output signal. The misalignment between the structures is determined from 
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the output signal or the derived signal. In one embodiment, the output signal or the 
derived signal is compared with a reference signal. A database that correlates the 
misalignment with data related to diffracted radiation can be constructed 

An advantage of this method is the use of only one incident radiation beam. 
5 Another advantage of this method is the high sensitivity of zero-order and first-order 
diffracted light to the overlay misregistration between the layers. In particular, 
properties which exhibited high sensitivity are intensity, phase and polarization 
properties of zero-order diffraction; differential intensity between the positive and 
negative first-order diffraction; differential phase between the positive and negative 
first-order diffraction; and differential polarization between the positive and negative 
first-order diffraction. These properties also yielded linear graphs when plotted ' 
against the overlay misalignment. This method can be used to determine 
misalignment on the order of nanometers. 

In one embodiment, a neutral polarization angle, defined as an incident 
polarization angle where the differential intensity is equal to zero for all overlay 
misregistrations, is determined. The slope of differential intensity as a function of 
incident polarization angle is highly linear when plotted against the overlay 
misregistration. This linear behavior reduces the number of parameters that need to 
be determined and decreases the polarization scanning needed. Thus, the method of 
20 detecting misalignment is faster when using the slope measurement technique. 

The invention also relates to an apparatus for detecting misalignment of 
overlying or interlaced periodic structures. The apparatus comprises a source, at least 
one analyzer, at least one detector, and a signal processor to determine misalignment 
of overlying or interlaced periodic structures. 

BRIEF DESC RIPTION OF THE DRAWINGS 

Figs, la-lh are cross-sectional views illustrating basic process steps in 
semiconductor processing. 

Fig. 2a is a cross-sectional view of two overlying periodic structures. Figs. 2b 
and 2c are top views of the two overlying periodic structures of Fig. 2a. 
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Fig. 3 is a top view of two overlying periodic structures illustrating an 
embodiment of the invention. 

Figs. 4a and 4b are cross-sectional views of overlying or interlaced periodic 
structures illustrating other embodiments of the invention. 

5 Fig. 5a and 5b are cross-sectional views of two interlaced periodic structures 

illustrating interlaced gratings in an embodiment of the invention. 

Fig. 6 is a cross-sectional view of two interlaced periodic structures illustrating 
interlaced gratings in another embodiment of the invention. 

Figs. 7a and 7b are schematic views illustrating negative and positive overlay 
10 shift, respectively. 

Fig. 8 is a schematic view illustrating the diffraction of light from a grating 
structure. 

Fig. 9a is a schematic block diagram of an optical system that measures zero- 
order diffraction from overlying or interlaced periodic structures. Fig. 9b is a 
15 schematic block diagram of an integrated system of the optical system of Fig. 9a and a 
deposition instrument. 

Figs 10a and 11a are schematic block diagrams of an optical system that 
measures first-order diffraction from a normal incident beam on overlying or 
interlaced periodic structures. Figs. 10b and lib are schematic block diagrams of 
20 mtegrated systems of the optical systems of Fig. 10a and 11a, respectively, and a 
deposition instrument. 

Figs. 12a and 12b are graphical plots of derived signals from zero-order 
diffraction of incident radiation on overlying structures. 

Figs. 13-14 and 16-17 are graphical plots of derived signals from first-order 
25 dxffraction of incident radiation on overlying structures. Fig. 15 is a graphical plot 
illustrating the mean square error. 
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Figs. 18-19 and 21-22 are graphical plots of derived signals from zero-order 
diffraction of incident radiation on interlaced gratings. Figs. 20 and 23 are graphical 
plots illustrating the mean square error. 

Fig. 24 is a graphical plot illustrating the determination of misalignment from 
5 a slope near a neutral polarization angle. 

For simplicity of description, identical components are labeled by the same 
numerals in this application. 

DETAILED DF.sri?TivrT o N OF THF EMBODIMENTS 

Fig. 2a is a cross-sectional view of a target 11 comprising two periodic 
structures 13, 15 on two layers 31, 33 of a device 17. The second periodic structure 
15 is overlying or interlaced with the first periodic structure 13. The layers and the 
periodic structures may be at the same or different heights. The device 17 can be any 
device of which the alignment between two layers, particularly layers having small 
features on structures, needs to be determined. These devices are typically 
semiconductor devices; thin films for magnetic heads for data storage devices such as 
tape recorders; and flat panel displays. 

As shown in Figs, la-lh, a device 17 is generally formed in a basic series of 
steps for each layer. First, as shown in Fig. la, a layer 2 is formed on a 
semiconductor substrate 1. The layer 2 may be formed by oxidization, diffusion 
implantahon, evaporation, or deposition. Second, as shown in Fig. lb, resist 3 is 
deposited on the layer 2. Third, as shown in Fig. 1c, the resist 3 is selectively exposed 
to a form of radiation 5. This selective exposure is accomplished with an exposure 
tool and mask 4, or data tape in electron or ion beam lithography (not shown) 
Fourth, as shown in Fig. Id, the resist 3 is developed. The resist 3 protects the regions 
6 of the layer 2 that it covers. Fifth, as shown in Fig. le, the exposed regions 7 of the 
layer 2 are etched away. Sixth, as shown in Fig. If, the resist 3 is removed 
Alternatively, in another embodiment, another material 8 can be deposited in the 
spaces 7, as shown in Fig. la, of the etched layer 2, as shown in Fig. ,g, and the resist 
3 is removed after the deposition, as shown in Fig. Ih. This basic series of steps is 
30 repeated for each layer until the desired device is formed. 

-5- 



15 



20 



25 



10 



30 



WO 02/084213 

PCT/US02/11026 

A first layer 31 and a second layer 33 can be any layer in the device. 
Unpatterned semiconductor, metal or dielectric layers may be deposited or grown on 
top of, underneath, or between the first layer 31 and the second layer 33. 

The pattern for the first periodic structure 13 is in the same mask as the pattern 
) for a first layer 3 1 of the device, and the pattern for the second periodic structure 1 5 is 
in the same mask as the pattern for a second layer 33 of the device. In one 
embodiment, the first periodic structure 13 or the second periodic structure 15 is the 
etched spaces 7 of the first layer 31 or the second layer 33, respectively, as shown in 
Fig. If. In another embodiment, the first periodic structure 13 or the second periodic 
structure 15 is the lines 2 of the first layer 31 or the second layer 33, respectively, as 
shown in Fig. If. hi another embodiment, the first periodic structure 13 or the second 
periodic structure 15 is another material 8 deposited in the spaces 7 of the first layer 
31 or the second layer 33, respectively, as shown in Fig. lh. In yet another 
embodiment, the second layer 33 is resist, and the second periodic structure 15 is 
1 5 resist 3 gratings, as shown in Fig. 1 d. 

The first periodic structure 13 has the same alignment as the first layer 31, 
since the same mask was used for the pattern for the first periodic structure 13 and for 
the pattern for the first layer 31. Similarly, the second periodic slructure 15 has the 
same alignment as the second layer 33. Thus, any overlay misregistration error in the 
alignment between the first layer 31 and the second layer 33 will be reflected in the 
alignment between the first periodic structure 13 and the second periodic structure 15. 

Fig. 2b and 2c are top views of target 1 1. In one embodiment, as illustrated in 
Fig. 2a, the first periodic structure 13 has a first selected width CD1, and the second 
periodic structure 15 has a second selected width CD2. The second selected width 
CD2 is less than the first selected width GDI . The pitch, also called the period or the 
unit cell, of a periodic structure is the distance after which the pattern is repeated. The 
distance between the left edge of the first periodic structure 13 and the left edge of the 
second periodic structure 15 is d,, and the distance between the right edge of the first 
periodic structure 13 and the right edge of the second periodic structure 15 is d 2 . In a 
preferred embodiment, when layers 31, 33 are properly aligned relative to each other 
the second periodic structure 15 is centered over the first periodic structure 13. In 
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other words, when the second periodic structure 15 is perfectly centered over the first 
periodic structure 13, the misregistration is zero, and d,=d 2 . In this embodiment, the 
misregistration is indicated by d 2 -d,. To obtain rmsregistration in both the X and Y 
directions of the XY coordinate system, another target 12 comprising two periodic 
5 structures 14, 16 similar to target 1 1 is placed substantially perpendicular to target 11, 
as shown in Fig. 2c. 

The target 11 is particularly desirable for use in photohthography, where the 
first layer 3 1 is exposed to radiation for patterning purposes of a semiconductor wafer 
and the second layer 33 is resist. In one embodiment, the first layer 31 is etched 
1 0 silicon, and the second layer 33 is resist. 

Figs. 4a and 4b show alternative embodiments. In one embodiment, Fig. 4a 
illustrates a first periodic structure 13 of oxide having a trapezoidal shape on a first 
layer 31 of silicon substrate and a second periodic structure 15 of resist with a second 
layer 33 of resist. The first layer 31 of silicon is etched, and shallow trench isolation 
("SIT) oxide is deposited in the spaces of the etched silicon. The lines of STI oxide 
form the first periodic structure 13. An oxide layer 34 and a uniform polysificon layer 
35 are deposited between the first layer 31 of silicon and the second layer 33 of resist. 
The configuration in Fig. 4a shows a line on space configuration, where the second 
periodic structure 15 is placed aligned with the spaces between the first periodic 
structure 13. The invention also encompasses embodiments such as the line on line 
configuration, where the lines in the second periodic structure 15 are placed on top of 
and aligned with the lines in the first periodic structure 13, as shown by the dotted 
lines in Fig. 4a. 

In another embodiment, Figure 4b illustrates a first periodic structure 13 of 
25 tungsten etched in a first layer 31 of oxide and a second periodic structure 15 of resist 
with a second layer 33 of resist. The first layer 31 and the second layer 33 are 
separated by an aluminum blanket 37. 

The invention relates to a method of making a target 11. A first periodic 
structure 13 is placed over a first layer 31 of a device 17. A second periodic structure 
15 is placed over a second layer 33 of the device 17. The second periodic structure 15 
is overlying or interlaced with the first periodic structure 13. 
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In one embodiment, another target 12 is placed substantially perpendicular to 
target 11, as shown in Fig. 2c. A third periodic structure 14 is placed over the first 
layer 31, and a fourth periodic structure 14 is placed over the second layer 33. The 
third periodic structure 14 is substantially perpendicular to the first periodic structure 
5 13, and the fourth periodic structure 16 is substantially perpendicular to the second 
periodic structure 15. 

An advantage of the target 1 1 is that the measurement of misregistration of the 
target is free from optical asymmetries usually associated with imaging. Another 
advantage of this measurement is that it does not require scanning over the target as it 
is done with other techniques, such as in Bareket, U.S. Patent 6,023,338. Another 
advantage of the target 11 is the elimination of a separate diffraction system and a 
different target to measure the critical dimension ("CD") of a periodic structure The 
critical dimension, or a selected width of a periodic structure, is one of many target 
parameters needed to calculate misregistration. Using the same diffraction system 
and the same target to measure both the overiay misregistration and the CD is more 
efficient. The sensitivity associated with the CD and that with the misregistration is 
distmguished by using an embodiment of a target as shown in Fig. 3. The second 
penodic structure 15 extends further to an area, the CD region 21, where the first 
periodic structure 13 does not extend. The first selected width CD1 is measured 
before placing the second periodic structure 15 on the device 17. After forming the 
target, the second selected width CD2 alone can be measured in the CD region 21 In 
a separate measurement, the misregistration is determined in an overlay region 19 
where both the first 13 and second 15 periodic structures lie. 

Fig. 5a and 5b are cross-sectional views of an embodiment of a target having 
interlaced gratings. The first periodic structure 13 or the second periodic structure 15 
has at least two interlace* grating lines having different periods, line widths or duty 
cycles. The first periodic structure 13 is patterned with the same mask as that for the 
first layer 31, and the second periodic structure 15 is patterned with the same mask as 
that for the second layer 33. Thus, the first periodic structure 13 has the same 
alignment as the first layer 31, and the second periodic structure 15 has the same 
alignment as the second layer 33. Any misregistration between the first layer 31 and 
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the second layer 33 is reflected in the misregistration between the first periodic 
structure 13 and the second periodic structure 15. 

In the embodiment shown in Figs. 5a and 5b, the first periodic structure 13 has 
two interlaced grating lines 51, 53. The first interlaced grating lines 51 have a line- 
width L,, and the second interlaced grating lines 53 have a line-width U. The second 
periodic structure 15, as shown in Fig. 5b, has a line-width L 3 and is centered between 
the first interlaced grating lines 51 and the second interlaced grating lines 53. The 
distance between the right edge of the first interlaced grating 51 and the adjacent left 
edge of the second interlaced grating 53 is represented by b, and the distance between 
the right edge of the second periodic structure 15 and the adjacent left edge of the 
second interlaced grating 53 is represented by c. The misregistration between the first 
layer 31 and the second layer 33 is equal to the misregistration e between the first 
periodic structure 13 and the second periodic structure 15, The misregistration e is: 



(1) 



b L 



2 2 



Where c=0, the resulting periodic structure has the most asymmetric unit cell 
composed of a line with width of l^U and a line with width L,. Where c=b-L 3 , the 
resulting periodic structure has the most symmetric unit cell composed of a line with 
width L 1+ L 3 and a line with width U For example, if the two layers are made of the 
same material and Ll =L 3 =L 2 /2, then the lines are identical where c=0, while one line 
is twice as wide as the other line where c=b-L 3 . 

Fig. 6 shows an alternative embodiment of a target having interlaced gratings. 
The first periodic structure 13 is etched silicon, and the second periodic target 15 is 
resist. The first layer 31 of silicon substrate and the second layer 33 of resist are 
separated by an oxide layer 39. 

The invention also relates to a method of making a target 1 1. A first periodic 
structure 13 is placed over a first layer 31 of a device 17. A second periodic structure 
15 is placed over a second layer 33 of the device 17. The second periodic structure 15 
is overlying or interlaced with the first periodic structure 13. Eith er the first periodic 
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structure 13 or the second periodic structure 15 has at least two interlaced grating 
lines having different periods, line widths or duty cycles. 

An advantage of interlaced gratings is the ability to determine the sign of the 
shift of the misregistration from the symmetry of the interlaced gratings. Figs. 7a and 
' 7b are schematic drawings Ulustrating negative and positive overlay shift 
respectively, in the X direction of the XY coordinate system. Center line 61 is the 
center of a grating 63. When the grating 63 is aligned perfectly, the center line 61 is 
aligned with the Y axis of the XY coordinate system. As shown in Fig. 7a, a negative 
overlay shift is indicated by the center line 61 being in the negative X direction As 
shown in Fig. 7b, a positive overlay shift is indicated by the center line 61 being in the 
positive X direction. The negative overlay shift is indicated by a negative number for 
the misregistration, and the positive overlay shift is indicated by a positive number for 
the misregistration. The misregistration can be determined using the method 
discussed below. In the case of the interlaced gratings, a negative overlay shift results 
in a more symmetrical unit cell, as where c=b-L 3 , discussed above. A positive 
overlay shift results in a more asymmetrical unit cell, as where c=0, discussed above. 

The invention relates to a method to determine misalignment using diffracted 
light Fig. 8 is a schematic view showing the diffraction of Ught from a grating 
structure 71. In one embodiment, incident radiation 73 having an oblique angle of 
incidence 9 illuminates the grating structure 71. The grating structure 71 diffracts 
radiation 75, 77, 79. Zero-order diffraction 75 is at the same oblique angle 9 to the 
substrate as the incident radiation 73. Negative first-order diffraction 77 and positive 
first-order diffraction 79 are also diffracted by the grating structure 71. 

Optical systems for determining misalignment of overlying or interlaced 
period, structures are illustrated in Figs. 9a, 10a, andlla. Fig 9a shows an optical 
system 100 using incident radiation beam 81 with an oblique angle of incidence and 
detecting zero-order diffracted radiation 83. A source 1 02 provides polarized incident 
rad ia t 10 n beam 81 to illuminate periodic structures on a wafer 91. The incident 
radiation beam may be substantially monochromatic or polychromatic. The source 
102 compnses a Ught source 101 and optionally a collating/ focusing/ polarizing 
optical module 103. The structures diffract zero-order diffracted radiation 83 
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collating/ focusing/ analyzing optical module 105 collects the zero-order diffracted 
radxation 83, and a light detection unit 107 detects the zero-order diffracted radiation 
83 collected by the analyzer in module 105 to provide an output signal 85. A signal 
processor 109 determines any misalignment between the structures from the output 
' agnal 85. The output signal 85 is used directly to determine misahgnment from the 
nuensny of the zero-order diffracted radiation 83. In a preferred embodiment the 
mzsahgnment is determined by comparing the intensity with a reference signal such 
as a reference signal from a calibration wafer or a database, compiled as explained 
below, m one embodiment, the signal processor 109 calculates a derived signal from 
the output signal 85 and determines misahgnment from the derived signal The 
denved signal can include polarization or phase information. In this embodiment the 
nnsahgnment is determined by comparing the derived signal with a reference signal. 

In one embodiment, optical system 100 provides ellipsometric parameter 
values, which are used to derive polarization and phase information. In this 
embodiment, the source 102 includes a light source 101 and a polarizer in module 
103. Addmonally, a device 104 causes relative rotational motion between the 
polanzer in module 103 and the analyzer in module 105. Device 104 is well known 
m the art and is not described for this reason. The polarization of the reflected light is 
measured by the analyzer in module 105, and the signal processor 109 calculates the 
elhpsometric parameter values, tanCF) and cos(A), from the polarization of the 
reflected light. The signal processor 109 uses the ellipsometric parameter values to 
denve polarization and phase information. The phase is A. The polarization angle a 
is related to tanCF) through the following equation: 



(2) 



25 t 1 

tana = 



tan 1 ? 

He processor 109 derermioes misaognroen, from the polarizadon or phase 
information, as discussed above. 

The imaging and focusing of the optical system 100 in one embodiment is 
venfied usmg the vision and pattern recognition system 115. The light source 101 
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provides a beam for imaging and focusing 87. The beam for imaging and focusing 87 
is reflected by beam splitter 113 and focused by lens 111 to the wafer 91. The beam 
87 then is reflected back through the lens 1 1 1 and beam splitter 1 13 to the vision and 
pattern recognition system 115. The vision and pattern recognition system 115 then 
sends a recognition signal 88 for keeping the wafer in focus for measurement to the 
signal processor 109. 

Fig. 10a instates an optical system 1 1 0 using nonnal incident radiation beam 
82 and detecting fim-order diffiacted radiation 93, 95. A source 202 provides 
polanzed incident radiation beam 82 to Uluminate periodic structines on a wafer 9! 
In this embodiment, me source 202 comprises a tight source 10,, a polarizer 1 17 and 
lens 111. The stmctums diffinct positive first-order diffiacted radiation 95 and 
negative first-order diffiacted radiation 93. Analyzers 121, 1,9 collect positive firs,- 
order,.dtflrac,ed radiation 95 and .negative first-order diffracted radiation 93 
restively. Light detection units 125, 123 detent the positive first-order difiracted 

^-«»<>'ne«egativefim^ a d i fi^ ra mation93,resp^vely,^ec te d 
yanal y zersl2I, 1 ,9, re s P eetive,y, t op r0 vid«oumu t si gMb8 5. A signal processor - 
109 detemtines any misalignment between the structures ftom the output signals 85 
preferably by comparing the output sisals 85 «„ a reference signal. one ' , 
embodiment, the signal processor 109 catenates a derived signal from the output 
20 steals 85. The derived signal is a differential signal between me positive first-order 
drffiacted radiation 95 and the negative first-otder diffiacted radiation 93. The 
dtfletential sigaa! can indicate a differential intensity, a differentia, polarization angle 
or a differential phase. ' 

Optical system 110 determines differential intensity, differential polarization 
angles, or differentia, phase. To determine differential phase, optica! system 110 in 
one embodiment uses an elhpsometric arrangement comprising a light source 101 a 
polarizer 1.7, an ana.yzer 1 19 or 121, a Ugh, detector 123 or ,25, and a device 104 
that causes relative rotational motion between me polarizer 1 17 and the analyzer 119 
or ,21. Device ,04 is well known in me ar, and is no, described for mis reason. This 
arrangement provides elbpsometric parameters for positive firsts 
radtauon ,5 and ellipsometric parameter for negative firct-order diffiacted radiation 
93, whtch are useo to derive phase for positive first-order diffiacted mdiation 95 and 
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phase for negative first-order diffracted radiation 93, respectively. As discussed 
above, one of the ellipsometric parameters is cos(A), and the phase is A. Differential 
phase is calculated by subtracting the phase for the negative first-order diffracted 
radiation 93 from the phase for the positive first-order diffracted radiation 95. 

To determine differential polarization angles, in one embodiment, the 
polarizer 117 is fixed for the incident radiation beam 82, and the analyzers 121, 119 
are rotated, or vice versa. The polarization angle for the negative first-order diffracted 
radiation 93 is determined from the change in intensity as either the polarizer 1 17 or 
analyzer 119 rotates. The polarization angle for the positive first-order diffracted 
radiation 95 is determined from the change in intensity as either the polarizer 1 17 or 
analyzer 121 rotates. A differential polarization angle is calculated by subtracting the 
polarization angle for the negative first-order diffracted radiation 93 from the 
polarization angle for the positive first-order diffracted radiation 95. 

To determine differential intensity, in one embodiment, the analyzers 119, 121 
are positioned without relative rotation at the polarization angle of the first-order 
diffracted radiation 93, 95. Preferably, at the polarization angle where the intensity of 
the diffracted radiation is a maximum, the intensity of the positive first-order 
diffracted radiation 95 and the intensity of the negative first-order diffracted intensity 
93 is detected by the detectors 125, 123. Differential intensity is calculated by 
subtracting the intensity for the negative first-order diffracted radiation 93 from the 
intensity for the positive first-order diffracted radiation 95. 

In another embodiment, the differential intensity is measured as a function of 
the incident polarization angle. In this embodiment, the polarizer 1 17 is rotated and 
the analyzers 119, 121 are fixed. As the polarizer 117 rotates, the incident 
polarization angle changes. The intensity of the positive first-order diffracted 
radiation 95 and the intensity of the negative first-order diffracted radiation 93 is 
determined for different incident polarization angles. Differential intensity is 
calculated by subtracting the intensity for the negative first-order diffracted radiation 
93 from the intensity for the positive first-order diffracted radiation 95. 

The imaging and focusing of the optical system 110 in one embodiment is 
verified using the vision and pattern recognition system 1 15. After incident radiation 
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beam 82 illuminates the wafer 91, a light beam for imaging and focusing 87 is 
reflected through the lens 111, polarizer 117, and beam splitter 113 to the vision and 
pattern recognition system 115. The vision and pattern recognition system 115 then 
sends a recognition signal 88 for keeping the wafer in focus for measurement to the 
5 signal processor 1 09. 

Fig. 11a illustrates an optical system 120 where first-order diffracted radiation 
beams 93, 95 are allowed to interfere. The light source 101, device 104, polarizer 
117, lens 111, and analyzers 119, 121 operate the same way in optical system 120 as 
they do in optical system 110. Device 104 is well known in the art and is not 
described for this reason. Once the negative first-order diffracted radiation 93 and 
positive first-order diffracted radiation 95 are passed through the analyzers 119, 112, 
respectively, a first device causes (he positive first-order diffracted radiation 95 and 
the negative first-order diffracted radiation 93 to interfere. In this embodiment, the 
first device comprises a multi-aperture shutter 131 and a flat beam splitter 135. The 
multi-aperture shutter 131 allows both the negative first-order diffracted radiation 93 
and the positive first-order diffracted beam 95 to pass through it. The flat beam 
splitter 135 combines the negative first-order diffracted radiation 93 and the positive 
first-order diffracted radiation 95. In this embodiment, the mirrors 127, 133 change 
the direction of the positive first-order diffracted radiation 95. A light detection unit 
107 detects the interference 89 of the two diffracted radiation signals to provide 
output signals 85. A signal processor 109 determines any misahgnment between the 
structures from the output signals 85, preferably by comparing the output signals 85 to 
a reference signal. The output signals 85 contain information related to phase 
difference. 



25 



In one embodiment, phase shift interferometry is used to determine 
misahgnment. The phase modulator 129 shifts the phase of positive first-order 
diffracted radiation 95. This phase shift of the positive first-order diffracted radiation 
95 allows the signal processor 109 to use a simple algorithm to calculate the phase 
difference between the phase for the positive first-order diffracted radiation 95 and the 
30 phase for the negative first-order diffracted radiation 93. 
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Differential intensity and differential polarization angle can also be 
determined using optical system 120. The multi-aperture shutter 131 operates in three 
modes. The first mode allows both the positive first-order diffracted radiation 95 and 
the negative first-order diffracted radiation 93 to pass through, m this mode 
5 drfferentral phase is determined, as discussed above. The second mode allows only 
the positive first-order diffracted radiation 95 to pass through. In this mode, the 
mtenszty and polarization ang.e for the positive first-order diffracted radiation 95 can 
be determined, as discussed above. The third mode allows only the negative first- 
order dvffracted radiation 93 to pass through. In this mode, the intensity and 
10 polarization angle for the negative first-order diffracted radiation 93 can be 
determined, as discussed above. 

To determine differential intensity, the multi-aperture shutter 131 is operated 
■a the second mode to determine intensity for positive first-order diffracted radiation 
95 and then in the third mode to determine intensity for negative first-order diffracted 
radnmon 93, or vice versa. The differential intensity is then calculated by subtracting 
the mtensity of the negative first-order diffracted radiation 93 from the intensity of the 
positive first-order diffracted radiation 95. The signal processor 109 determines 
misalignment from the differential intensity. 

In one embodiment, the differential intensity is measured at different incident 
polanzation angles. The measurement, result in a large set of data points, which, 
when compared to a reference signal, provide a high accuracy in the determined value 
of the misregistration. 

To determine differential polarization angle, the multi-aperture shutter 131 is 
operated in the second mode ,o determine polarization angie for positive first-order 
urffiaoted radiation 95 and then in the third mode to determine polarization angle for 
negative first-order diffracted radiation 93, or vice versa. The differential polarization 
angle is men calculated by subtracting the polarization atrgle of the negative first- 
order diffracted radiation 93 from the polarization angle of the positive first-order 
drffiacted radiation 95. The signal processor 109 determines misalignment from tire 
differential polarization angle. 
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The imaging and focusing of the optical system 120 is verified using the 
vision and pattern recognition system 115 in the same way as the imaging and 
focusing ofthe optical system 110 is in Fig. 10. In one embodiment, the beam splitter 
113 splits off radiation 89. to reference light detection unit 137, which detects 
5 fluctuations of the light source 101. The reference fight detection unit 137 
communicates information 86 concerning intensity fluctuation of source 101 to the 
signal processing and computing unit 109. The signal processor 109 normalizes the 
output signal 85 using fluctuation information 86. 

Optical systems 100, 110, 120 can be integrated with a deposition instrument 
200 to provide an integrated tool, as shown in Figs. 9b, 10b and 1 lb. The deposition 
instrument 200 provides the overlying or interlaced periodic structures on wafer 91 in 
step 301. Optical systems 100, 110, 120 obtains misalignment information from the 
wafer 91 in step 302. The signal processor- 109 of optical systems 100, 110, 120 
provides the misalignment to the deposition tool 200 in step 303. The deposition tool 
uses the misalignment information to correct for any misalignment before providing 
another layer or periodic structure on wafer 91 in step 301 . 

Optical systems 100, 110, 120 are used to determine, the misalignment of 
overlying or interlaced periodic structures. The source providing polarized incident 
radiation beam wuminates the first periodic structure 13 and the second periodic 
structure 15. Diffracted radiation from the illuminated portions of the overlying or 
interlaced periodic structures are detected to provide an output signal 85. The 
misalignment between the structures is determined from the output signal 85. In a 
preferred embodiment, the misalignment is determined by comparing the output 
signal 85 with a reference signal, such as a reference signal from a calibration wafer 
25 or a database, compiled as explained below. 

The invention relates to a method for providing a database to determine 
misalignment of overlying or interlaced periodic structures. The misalignment of 
overlying or interlaced periodic structures and structure parameters, such as thickness 
refractive index, extinction coefficient, or critical dimension, are provided to calculate 
data related to radiation diffracted by the structures in response to a beam of radiation 
The data can include intensity, polarization angle, or phase information. Calculations 
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can be perfonned using known equations or by s software package, such as Lambda 
SW, avarlable from Lambda, University of Arizona, Tuscon, Arizona, or Gaolver SW 
avertable from Grating Solver Development Company, P.O. Box 353, Allen, Texas' 
75013. Lambda SW uses tigenfunctions approach, described in P. Sheng R S 
5 Stepleman, and P. N. Sandra, Exact Egenfuncfions for Square Wave darings- 
Appbcations to Difirucfion and Surface Plasmon Calculations, Pl.ya.Rev. B, 2907- 
2916 (1982), or the modal approach, described in L. Li, A Modal Analysis of 
Lamellar Drflraction Gratings in Conical Mountings, J. Mod. Opt. 40 553-573 
(1993). Gaolver SW uses rigorous coupled wave analysis, described in M G 
10 Moharam and T. K. Gaylord, Rigomus Coup.ed-Wav. Analysis of Ptoar-Grating 
Drflmction, J. Opt. See. Am. 73, 1105-1112 (.983). The data ia used to constiuc. a 
database correlating fa misalignment and the data. The overlay miaregistmrion of a 
target can then be determined by comparing the output sigua! 85 with the database. 

Figs. 12-24 were generated through computer simulations using either the 
Lambda SW or the Gaolver SW. Figs, ,2a and 12b are graphical ploto illustrating the 
elhpsometric parameters obtained using an overlying target of Fig. 2a with the optica, 
system of Fig. 9a He calculations were performed using the Lambda SW The 
overiying target used in the measurement comprises fa, periodic structum ,3 and me 
second periodic stiuctum ,5 made of resist gmtiogs having 1 pm depth on a sriicon 
-0 substrate. The depth of the fa, periodic shucmre ,3 and me se^nd periodic 
sfucture 15 rs 0.5 pm, and the pitch is 0.8 pm. The fa, selected width CD1 for (he 
fa. periodic stnrcture 13 is 0.4 pm, and due second selected wid«h CD2 for me second 
penomc stiuchne .5 is 0.2 pm. The incident beam in mis embodiment was TE 
polrmzed. These targe, parameter and me overlay misregishation were inputted mm 
me Lambda SW to obtein ellipsometeric parame,er values. The eUipsometiic 
parameter vafas were obtained for zaro-order diffracted radiation using an incident 
tarnation beam 81 at an angle of 25" to fa- wafer surface. The ellipaometric 
parameters, Taut*] and CosfA], were ptotted as a faction of me wavelengfa in fa 
specttal range 230 to 400 nanometers. The eUipsometiic parameters are defined as- 
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(3) 

tanT=- p < 



10 



where r p and r s are the amplitude reflection coefficients for the p(TM) and s(TE) 
polarizations, and 



(4) 



where and <J, S are the phases for the P (TM) and s(TE) polarizations. Results were 
obtamed for different values of overlay misregistration d 2 -d, varying from -15 
nanometers to 15 nanometers in steps of 5 nanometers. The variations for tan m and 
cosfA] show sensitivity to the misregistration in the nanometer scale. To get more 
accurate results, first-order diffracted radiation is detected using normal incident 
radiation, as in Figs. 13-14. 

Figs. 13 and 14 are graphical plots illustrating the differential intensity 
obtatned using overlying targets of Fig. 2a and an optica! system detecting (harder 
dtflracted radiation using normal incident radiation. The calculations were performed 
nsmg Gsolver SW. The firs, periodic layer 13 is etched sUicon, whi.e the second 
penodrc layer 15 is resist The overlay misregistration and target parameters were 
mputted into Gsolver SW to obtain the differential intensity in Figs. ,3 and 14 Fig 
13 shows the normauzed differential intertsity between the positive and negative nrst- 
20 order dtflracted radiation as a function of overlay misregistrations. The differential 
intensity is defined as: 



(5) 



DS = -«~ R -\% 



where is the intensity of the positive first-order diffracted radiation and R, is the 
25 mtensity of the negative first-order diffracted radiation. The different curves in Fig. 
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13 correspond to the different indent polarization angles <D>, 50", 60- 74- 80" and 
90°) of the inoiden, linearly pCarized light relative to the plane of incidence, 'lie 
polarization angle a is defined as: 



(6) 



a = arctan(- 



20 



25 



where Ej is the field consent perperrdicular to fl. p,ane of incidence, wbich fer 
norma, ntcidence is the Y contponen, in the XY coordinate system, and Ep is the fieid 
component paraUe. to the ptane of incidence, which for normal incidence is the X 
component. Poteizafion scans from incident polarization angles of 0° to 90" were 
performed to generate the graphics, p,o,s in Hgs. 13 and ,4. Pig. M shows me 
dtfferenna, tntensity as a tenon of incident poJarizafion angje a, different overfay 
^station (-50 nm, -35 nm, -,5 nm, 0 nm, ,5 nm, 35 nm, and 50nm). Fig. ,4 
shows drat mere is a nenha, p„,arizafion angle, defined as an incident polari2atioll 
^e where the differed intensity is e,n^ to zero for an overfay nation. 
Frgs. 13 and 14 nlnahnte me high sensitivity of differential intensity to the overfay 
■nrsregrshation and me hnear behavior of differentia! intensity with the overlay 
motion. They a,so show that the differentia, intensity is zero a, zero overfay 
motion for any poianzation angje. Shnto graphics, p,o te were obtained a, 
Afferent waveiengtb. Kg. ,5 shows the mean sqnare en-or ("MSE") variation with 
dre overfay misregishation The MSE exhibits Unearity and sensitivny of 
approxtmateJyO.Speronenanometeroveriaymiaregistatio,,. 

KSS - 16 -* 17 » 8-PMcal piots, using „, same toget ^ 
Emetine parameters and me same optica, system as the ones hr Eigs. 13 and ,4 
However fte canons were performed naing the Umbda SW, instead of the 
^ver SW. The fcnfc or tire deviations ftom tire montonicity of the carves a, 
certarn pom. in Figa. ,6 and ,7 are betieved to be dne to nnmerica, instabihties 
JTl " *• ° f SW ' —ay misregishation 

r~ were faputted b, ° sw 10 ** 

po,anzahon ang,e and differentia, phaae in Eigs. ,6 and ,7, respective*. Fig. ,« 
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shows the variation of ft. difference between the polarization angies of the positive 
and negative first-order diffracted radiation as a function of overlay nitration 
for Afferent tncident polarization angles (0°, 5°, 15°, 30", 45', 60°, and 90°) Fig 17 
shows Ore variation of the different* between the phase angles of the positive and 
negative fetter diffracted radiation. The phase angle here represents the phase 
difference between the p and a polarized components of the difflaeted light 

Figs. 16 and 17 also illustrate the high sensitivity of differential polarization 
angle and differential phase, respectively, to the overlay misregistration and the linear 
behavior of differential poMzation angle and differentia! phase, respectively, when 
Plotted against the overlay misregistiation. They a!so show that (he differential 
po anzation angle and differential phase is zero at zero overlay misregistration for any 
pohnzationangte. However, Fig. 17 shows tot toe phase difference does no. depend 
on nrciden, polarization. In one embodiment, the difference between the polarization 
angles, as shown in Kg. is easily measured with an analyzer at the oWpnt, while 

mephasedfffere.ce.asshownmFign.ismea^wiminterferomeny. Inanother 
embodiment, the differential polarization ang, and the differentia, phase is derived 
from ellipsometric parameters. 

Similar results were obtained using the overlying targets in Figs. 4a and 4b 
However, for the particular targe, in Fig 4a, mere was no neutral polarization ang,e in 

•0 tit. lute on hue ennflgnration, where the s K ond periodic stiucture !5 is centered on 
ft. fat periodic structnre 13. The line on space confignration, where the second 
penodtc structure 15 is centered on the spaces between tire firs, periodic structure 13 
<hd exhtbi. a neutral pCarizauon angle. These resnlts show mat the neutral' 
pclanzation ang>e apparently has a complicated dependence on me stiucrere 

5 parameters. 



F.gs 18 -19 and 21-22 are graphical piots illustrating fc. of ^ _ 

order ntfflatzed radiation 83, as shown in Fig. 9a, for interlace* gratings, as shown „ 
Ftg. 6. Table 1 summarizes me parameter used in the calculations by the Gsolver 



zero- 
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Parameter 



Table 1 : Structure parameters used in the simulating 



hi 



h2 



h3 



Pitch (P) 



CD1 



CD2 



CD3 



Incidence angle (9) 



Data76 



850 nm 



850 nm 



600 nm 



1000 nm 



150 nm 



300 nm 



150 nm 



Azimuth angle (f) 



Wavelength (M 



76° 



0 



670 nm 



DataO 



850 nm 



850 



600 



2000 



200 



600 nm 



200 nm 



500 nm 



The incidence angle is 76° in the Data76 configuration, and the incidence angle is 0° 
(normal) in the DataO configuration. 

5 Figs. 18-20 were derived using the Data76 configuration. Fig. 18 shows the 

intensny of the zero-order diffracted radiation versus the overlay misregistration at 
different polarization angles (0° to 90° in steps of 15°). Within a range of 140 nm the 
changes are monotonic with the overlay misregistration. The point where all the 
curves cross is at an overlay misregistration value of 50 nm, rather than zero At an 
10 overlay misregistration value of 50 nm, the structure is effectively most symmetric 
In contrast, in an overlying target as in Fig. 2a, the structure is most symmetric at zero 
overlay misregistration. Fig. 19 shows the dependence of the intensity of the zero- 
order diffracted radiation on the incident polarization angle at different overlay 
^registrations (-50 nm, -15 nm, 0 nm, 20 nm, 40 nm, 60 nm, 80 nm, 100 nm, and 
130 nm). Unhke with the differential intensity of the first-order diffracted radiation 
there is not a neutral polarization angle where the differential intensity is zero for 
different overlay misregistration. However, there is a quasi-neutral polarization angle 
where most of the curves for different misregistration cross. Fig. 20 shows the MSB 
vanatxon as a function of overlay misregistration. Fig, 18 md 19 show ^ m 
20 sensitivity of the intensity of zero-order diffracted radiation to the overlay sign for a 
configuration using incident radiation having an oblique angle of incidence on 
mterlaced grating, They also show the linear behavior of the intensity when plotted 
against the overlay misregistration. 

Kgs. 21-23 were derived using the DataO configuration. Fig . 21 shows ^ 
25 M» of the zero-order diffracted radiation versus ^ overlay „ 
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different polarization angles (0°, 40°, 65°, and 90°). Fig. 22 shows the dependence of 
the intensity of the zero-order diffracted radiation on the incident polarization angle at 
different overlay misregistrations (-140 nm, -100 ran, -50 nm, 0 nm, 50 nm, and 100 
nm). Fig. 23 shows the MSE variation as a function of overlay misregistration. Figs. 
5 21 and 22 show the high sensitivity of the intensity of zero-order diffracted radiation 
to the overlay sign for a configuration using normal incident radiation on interlaced 
gratings. They also show the linear behavior of the intensity when plotted against the 
overlay misregistration. 

Fig. 24 is a graphical plot generated by the Gsolver SW illustrating the 
10 determination of misalignment from the neutral polarization angle. As shown in Fig. 
14, the differential intensity equals zero independent of the overlay misregistration at 
the neutral polarization angle. However, the slope of the differential intensity varies 
with overlay misregistration. Fig. 24 shows the slope near the neutral polarization 
angle as a function of overlay misregistration. Fig. 24 shows linear behavior of the 
15 slope versus the overlay misregistration with a slope of 0.038% per 1 nm overlay 
misregistration. An advantage of the slope measurement technique is the reduction of 
the number of parameters that need to be determined. Another advantage is the 
decreased polarization scanning needed. In Fig. 14, a polarization scan using incident 
polarization angles from 0° to 90° is performed. In contrast, using the slope 
20 measurement technique in one embodiment, the derived signal is compared with the 
reference signal for polarization 'angles within about five degrees of the neutral 
polarization angle. Thus, the method of detecting misalignment is faster when using 
the slope measurement technique. Another embodiment of the invention is the use of 
the slope measurement technique for the quasi-neutral polarization angle. 

25 Misalignment of overlying or interlaced periodic structures can be determined 

using the database in a preferred embodiment. The source providing polarized 
incident radiation Muirimates the first periodic structure 13 and the second periodic 
structure 15. Diffracted radiation from the iUuminated portions of the overlying or 
interlaced periodic structures are detected to provide an output signal 85. The output 

30 signal 85 is compared with the database to determine the misalignment between the 
overlying or interlaced periodic structures. 
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In another embodiment, nusalignment of overlying or interlaced periodic 
structures is determined using the slope measurement technique. A neutral 
polarization angle or quasi-neutral polarization angle is provided. The derived signal 
is compared with the reference signal near the neutral polarization angle or the quasi- 
5 neutral polarization angle to determine misahgnment of the overlying or interlaced 
periodic structures. 

While the invention has been described above by reference to various 
embodiments, it will be understood that changes and modifications may be made 
wuhout departing from the scope of the invention, which is to be defined only by the 
10 appended claims and their equivalent. All references referred to herein are 
incorporated by reference. 
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WHATjS CLAIMF.D TS- 

I- A target for measuring the relative positions between two layers of a 
device, said target comprising: 

5 a first periodic structure over a first layer of the device; and 

seen , • / SeC ° nd Peri ° diC ° Ver a SeC ° nd ^ 0f * e device, said 

sesondpenodic structure ^tott^^^ 

10 ' , , , „\ ^ ^ ° f daim !i Wh6rein *• ** Peri ° dic has a first 

10 elected width, and the second periodic structure has a second selected width, th 
second selected width being less than the first selected width. 

3. The target of claim 1, wherein said second periodic structure extends 
15 fiUlhert0 m area Where said fi-t periodic structure does not extend. 

second, 4 " • ^ target ° fdaiml ' Wlier -^ fi-t layer is etched siheon, and the 
second layer is resist. 

shape, the fa, byer „ silicon ^ ^ fc ^ 
^^thesecc^,^ SWbymunifbnnpo|ysili l byer * 

and ha. & ^ ^ " *' ^ *» **« » <™g, tm 



30 



8- The target of claim 1, wherein a laver that th* ♦ 

i d layer mat is the topmost layer is resist. 
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* The large, of cfato, 1, whereto the to, periodic 
exposed to radiation for patterning p^ oses of a semiconductor wafer. 

10. The target of claim 1, further comprising: 

a third periodic structure that is substantially pemendicular to said first 
penodrc structure, said third periodic smtctoe over the firstly mi 

second • f0 '" ,h "** S,rUCtare " P-Pendicular to said 

econd penodrc shucfnre, said four* periodic structure over the second faver and 
overlymg or mteriaced with said thfai periodic structure. 

11. The target of claim I, whereto .aid firs, periodic structure has at leas, 
^'^^^havtogdiire^penc^finewtdma.du^cyc^ 

I2 - ^'^'ofdaiml, whereto said second periodic structure has a, 
.5 fees, fwo m,eriaced grafing fines fiavtog different periods, fine widfirs or du,v JZ. 

13. A method for making a target, comprising: . 

Placing a first periodic structure over a first layer of a device- and 
Placmg a second periodic structure over a second layer of a device 

stn, , M ' , me,h0d ^ Clata Wherei " "'^ - Periodic 

25 periodic structure does not extend. 

stn, i ^ ^ ° tCUm ***** C ° mpriSi "« - «- P»odic 

structure*, rad.at.on forpattemtog pmposes of a semiconductor wafer. 

30 16. The method of claim 13, further comprising: 

neri H' tn h"'"" 8 ' ^ "** "* herein said total 

penodrc structure , subs.anuaUv perpendicufar fo said firs, periodic sfrecture; and 
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placing a fourth periodic structure over the second layer, wherein said 
fourth periodic structure is substantially perpendicular to said second periodic 
structure. 



5 



1 7. The method of claim 13, wherein said placing a first periodic structure 
includes placing at least two interlaced grating lines having different periods, line 
widths or duty cycles. 



18. The method of claim 13, wherein said placing a second periodic 
10 structure includes placing at least two interlaced grating lines having different periods, 
line widths or duty cycles. 



19. A method for providing a database to determine misalignment of 
overlying or interlaced periodic structures, comprising: 

providing information related to thickness, refractive index, extinction 
coefficient, or critical dimension, and misalignment of periodic structures that overly 
or interlace one another; 

deriving from said information data related to radiation diffracted by 
the structures in response to a beam of radiation; and 

constructing a database correlating the misalignment and the data. 



15 



20 



20. The method of claim 19, further comprising calculating a differential 
intensity, a differential phase, or a differential polarization angle from the data. 



25 



21. A method for detecting misalignment of overlying or interlaced 
periodic structures, comprising: 

illuminating the overlying or interlaced periodic structures with 
incident radiation; 

detecting diffracted radiation from the illuminated portions of the 
30 overlying or interlaced periodic structures to provide an output signal; and 

determining a misalignment between the structures from the output 

signal. 
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22. The method of claim 21, wherein said detennimng includes comparing 
the output signal with a reference signal. 



23. The method of claim 22, wherein the reference signal comprises a 
5 database. 



24. The method of claim 21, wherein the output signal contains 
information related to ellipse-metric parameters. 

10 25. The method of claim 21, wherein overlying or interlaced periodic 

structures has at least two interlaced grating lines having different periods, line widths 
or duty cycles; the incident radiation is incident on the structures at an oblique angle; 
and the diffracted radiation comprises zero-order diffraction. 

15 26. The method of claim 21, wherein overlying or interlaced periodic 

structures has at least two interlaced grating lines having different periods, line widths 
or duty cycles; the incident radiation is incident on the structures at a normal angle; 
and the diffracted radiation comprises zero-order diffraction. 

20 27. The method of claim 21, wherein the incident radiation is substantially 

normal, and the diffracted radiation comprises positive first-order diffraction and 
negative first-order diffraction. 

28. The method of claim 21, further comprising calculating a derived 
25 signal from the output signal. 

29. The method of claim 28, wherein the derived signal contains 
information related to intensity, phase, or polarization angle. 



30 



30. The method of claim 28, wherein the derived signal contains 
information related to differential intensity, differential phase, or differential 
polarization angle. 
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31. The method of claim 28, further comprising providing a neutral 
polarization angle or quasi-neutral polarization angle; and wherein said detennining a 
misalignment includes detennining a misalignment by comparing the derived signal 
with the reference signal near the neutral polarization angle or the quasi-neutral 
5 polarization angle. 



10 
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32. The method of claim 31, wherein the derived signal is compared with 
the reference signal for polarization angles within about five degrees of the neutral 
polarization angle or the quasi-neutral polarization angle. 

33. An apparatus for detecting misalignment of overlying or interlaced 
periodic structures, comprising: 

a source providing polarized incident radiation beam to iUuminate the 
overlying or interlaced periodic structures; 

at least one analyzer collecting diffracted radiation from the structures; 
at least one detector detecting diffracted radiation collected by the 
analyzer to provide output signals; and 

a signal processor detennining any misalignment between the 
structures from the output signals. 

34. The apparatus of claim 33, wherein the source provides incident 
radmhon beam having an oblique angle of incidence to illuminate the overlying or 
interlaced periodic structures, and the detector detects zero-order diffraction. 

25 35. The apparatus of claim 33, wherein the source provides a normal 

indent radiation beam to illuminate the overlying or interlaced periodic structures 
and the detector detects zero-order diffraction. 



20 
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36. The apparatus of claim 33, wherein the source includes a polarizer and 
a devxce causing relative rotational motion between the polarizer and the analyzer. 

37. The apparatus of claim 33, wherein said at least one analyzer 
compnses a first analyzer collecting positive first-order diffracted radiation and a 
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second analyzer collecting negative first-order diffiacted radiation; and said at least 
one detector comprises a first detector detecting positive first-order diffracted 
radiation, and a second detector detecting negative first-order diffracted radiation. 

5 38. The apparatus of claim 37, wherein the signal processor calculates a 

derived signal from the output signals. 

39. The apparatus of claim 38, wherein the derived signal contains 
information related to a differential intensity, a differential phase, or a differential 

10 polarization angle. 

40. The apparatus of claim 38, wherein the source includes a polarizer and 
a device causing relative rotational motion between the polarizer and the analyzer,. 

15 41. The apparatus of claim 40, wherein the derived signal contains 

information related to a differential polarization angle or a phase difference derived 
from ellipsometric parameters. 

42. An apparatus for detecting misalignment of overlying or interlaced 
20 periodic structures, comprising: 

a source providing polarized incident radiation beam to illuminate the 
overlying or interlaced periodic structures; 

two analyzers collecting first-order diffracted radiation from the 
structures, the first-order diffracted radiation comprising a positive first-order 
25 diffraction and a negative first-order diffraction; 

a first device interfering the positive first-order diffraction and the 
negative first order diffraction from the analyzers to provide a combined diffracted 
radiation signal; 

a detector detecting the combined diffracted radiation signal to provide 
30 output signals; and 

a signal processor determining any misalignment between the 
structures from the output signals. 
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43. The apparatus of claim 42, wherein the output signal contains 
^formation related to phase difference between the positive first-order diffraction and 
the negative first-order diffraction. 

44. An apparatus for making overlying or interlaced periodic structures 
and detecting misalignment between the overlying or interlaced periodic structures, 
comprising: 

a deposition instrument to provide the overlying or interlaced periodic 

structures; 

a source providing polarized incident radiation beam to illuminate the 
overlying or interlaced periodic structures; 

at least one analyzer collecting diffracted radiation from the structures; 
at least one detector detecting diffracted radiation collected by the 
analyzer to provide output signals; and 

a signal processor determming any misaUgnment between the 
structures from the output signals and providing the misalignment to the deposition 
instrument. 



45. The apparatus of claim 44, wherein the source provides an incident 
nuhahon beam having an oblique angle of incidence to iUuminate the overlying or 
interlaced periodic structures, and the detector detects zero-order diffraction. 

46. The apparatus of claim 44, wherein the source provides a normal 
incident radiation beam to illuminate the overlying or interlaced periodic structures 
and the detector detects zero-order diffraction. 

47. The apparatus of claim 44, wherein the source includes a polarizer and 
a device causing relative rotational motion between the polarizer and the analyzer. 

48. The apparatus of claim 44, wherein said at least one analyzer 
compnses a first analyzer collecting positive first-order diffracted radiation and a 
second analyzer collecting negative first-order diffracted radiation; and said at least 
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one ta. comprise, a first detector detecting p„ siHve 

radrauon, and a second detector detecting negative first-order diffracted radiation. 

49. The apparatus of data 48, wherein the signal processor calculates a 
f derived srgnal from the output signals. 

50. The apparatus of claim 49, wherein the derived signal contains 
UTfonuaUon related ,„ a differential ta^ity, a differentia, phase, or a different 
polarization angle 

10 



51. The apparatus of claim 49, wherein the source includes a polarizer and 
a device causingrelative rotational motion between the polan^r and the analyzers. 

52. ^ apparatus of claim 51, wherem the derived signal contains 
^formation related to a differential polarization angle or , phase difference derived 
trom ellipsometric parameters. 

X. An apparatus for mating overlying or interlaced periodic structures 
and detecnng mrsaltamren, hetween me „ver lyi n g or interfaced periodic structures 
£0 comprising: 

a deposition instrument to provide the overlying or interlaced periodic 

structures; 

a source providing polarized incident radiation beam to iUuminate the 
overlying or interlaced periodic structures; 

25 ^ „ ^ analyZeK "*«*°* ^-order diffiacted radiation from the 

TT ^ &St " 0rder ***** radkti0n • Positive first-order 

diffraction and a negative first-order diffraction; 

a first device interfering the positive first-order diffraction and the 
negahve first order diffraction from the analyzers to provide a combined diffracted 
30 radiahon signal; 

a detector detecting the combined diffracted radiation signal to provide 
output signals; and 
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a signal processor determining any misalignment between the 
structures from the output signals and providing the misalignment to the deposition 
instrument. 

5 54. The apparatus of claim 53, wherein the. output signal contains 

infonnation related to phase difference between the positive first-order diffraction and 
the negative first-order diffraction. 



-32- 



WO 02/084213 

1/22 



2 



1 



FIG. 1a 



3_ 
2 



1 



FIG. 1b 



RADIATIONS 




FIG. 1c 

6 6 

2 ' 



PCT/US02/11026 



3 




3 




3 


2 


7 


2 


7 


2 


1 



FIG. 1e 



2 


7 


2 


7 


2 


1 



FIG. 11 



3 




3 ■ 




3 


2 


8 


2 


8 


2 


1 



FIG. 1g 



2 


8 


2 


8 


2 


1 



FIG. 1h 



FIG. 1d 



WO 02/084213 



PCT/US02/11026 



2/22 




FIG. 2a 




FIG. 2b 




I 



WO 02/084213 



PCT/US02/11026 





FIG. 4b 



WO 02/084213 



PCT/US02/11026 




FIG. 5a 



mm 

it! 



m 



■15. 



m 

m 



m 



, - Silicon SubstrateW09SM^: 

" ^^^^^ 



FIG. 5b 



i 



WO 02/084213 



PCI7US02/11026 



6/22 



PHOTORESIST 




}33 



g#f Sf SUBSTRATE 13± %MWiMWM}<' 



/?2 



-73 



67 r ' 



63 




/7G. 7a 



67 



63 



AG. 76 



WO 02/084213 



PCT/US02/11026 



7/22 



77 -1ST ORDER 
Q-iP^ 75 ZERO ORDER 



79 +1 ST ORDER 



71 

GRATING 
UNES 




FIG. 8 



■100 



115 



55- 




BEAM FOR IMAGING 
AND FOCUSING 87- 



VISION AND PATTERN 
RECOGNITION SYSTFM 



81 



LIGHT SOURCE 



^ 3: 



LENS 
111 



COUIMATING / FOCUSING / 
POLARIZING OPTICAI Mnni n F 




109 



113 
BEAM 
SPLTTTER 



SIGNAL PROCESSOR 
AND COMPUTING UNIT 
y-85 



LIGHT DETECTION 
UNIT 

z 



•107 



81 
INCIDENT 
BEAM 




COUIMATING /FOCUSING I 
ANALYZING OPTICAI MODULE 



■105 



83 ZERO ORDER 
REFLECTED BEAM 



91 
WAFER 



104 



FIG. 9a 



• 



WO 02/084213 



PCT/US02/11026 



8/22 



303- 



100 




200 




1 *■ 




/ 


FIG. 9b 


I 




109-^ 





85 



115 



AND COMPUTING UNIT 



85 



INCIDENT 
BEAM 82 



VISION AND PATTERN 
RECOGNITION SYSTEM 



87- 



•113 BEAM 
SPUTTER 



110 




s-125 



93- 
-1 ST ORDER 
DIFFRACTED BEAM 



91 
WAFER 



FIG. 10a 



WO 02/084213 



PCT/US02/11026 



9/22 



303- 



110 


\ 


200 










I 


91^ 
FIG. 10b 






109-^ 





120 



107 



85 



2\ 



AND COMPUTING UNIT 



LIGHT DETECTION 
UNIT 



89- 

135-$$ 
FLATBEAM X 
SPLITTER 



INCIDENT 
BEAM 82 



115 



86 



VISION AND PATTERN 
RECOGNITION SYSTFM 



133 
MIRROR 

131 

MULTI-APERTURE 
SHUTTER 




UGHT SOURCE 
101^117 



IS 



\P0LAR1ZER 



113 BEAM 
SPLITTER 



89 



s-137 



REFERENCE UGHT 
DETECTION UNIT 



\jENS 11 1-^l 
I ANALYZER I <0> 

11QS 

93 

ni -1ST0RDER N 
DIFFRACTED BEAM 




T29 PHASE MODULATOR 
-127 
MIRROR 




ANALYZER^ 121 
95 

+ 1ST ORDER 
DIFFRACTED BEAM 



^-91 
WAFER 



104 



FIG. 11a 



WO 02/084213 

PCT/US02/11026 



10/22 




FIG. 12a 



WO 02/084213 



11/22 



PCT/US02/11026 




325 

Wavelength [nm] 
FIG. 12b 



375 



425 




-45 -35 



-25 -15 -5 5 15 25 

Overlay Misregistration (nm) 
FIG. 13 



35 45 55 



i 



WO 02/084213 



PCT/US02/11026 



13/22 




3SW 



WO 02/084213 

PCT/US02/11026 



14/22 




(6ap)(i-y)etjdnf-(L + y)eijdji/ 



WO 02/084213 



PCTYUS02/11026 



15/22 



CM 



- to 



- to 



to 



to 



V *r ^ 



to 



tp 



to 
°? 



to 



to 
to 



2 
.52 

§?Sg" 



(Bap) sjqpjq 
}si~/+ uaamjag aouajajjig aseiij 



WO 02/084213 



PCT/US02/11026 



16/22 




uoiioejjya jgpjQ ojqz 



i 



WO 02/084213 



PCT/US02/11026 



18/22 



o 



CO 



: o 



CO 



5 



CM 

EC 



• i i i i i i i m i i i p 



1 1 1 1 i i i i i i i i i i i i i rr 

§ § § 5 £ 5 ' 

«=> <3 <3 S S 



WO 02/084213 



PCT/US02/11026 



19/22 




UOIiOBJUfa J9PJQ 0J9Z 



I 



WO 02/084213 



PCT/US02/11026 



20/22 




uoiioejjjia Japjo ojaz 



WO 02/084213 



PCT/US02/11026 



21/22 



o 



00 



CO 



CM 



£2 

C5 



t r- 

3 



0 

t-0t — r- 



i i 

cd 

CD 



i 
I 



CD. 



CD 
CO 



- CD 



- CD 
CD 



3SMI 



WO 02/084213 



22/22 



PCT/US02/11026 




(%) mod lemiefi am ;b ado® 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJS02A1026 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : G01B 11/00; G03F 9/00; G01N 21/86 

US CL : 356/400-401 ; 250/548; 430/22 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 356/40(M01; 250/548; 430/22 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 6.079,256 A (BAREKET) 27 JUNE 2000 (27-06-2000), see entire document. 



US 5,607,818 A (AKRAM et al.) 04 MARCH 1997 (04-03-1997), see entire document. 



1-4, 8-18, 21-23, 25- 
30,30, and 33-54 



5-7, 19-20, 24, 31-31 
5-7, 19-20, 24, and 31- 
32 



□ 

Further documents are listed in the continuation of Box C. | \ See patent family annex. 



Special categories of cited documents: 



document defining the general state of the ait which a not considered to be of 
particular relevance 

earlier application or patent published on or after the international filing date 

document which may throw doubts on priority daim(s) or which is cited to 
establish the publication date of another cilauon or other special reason (as 
specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later (nan the 
priority date claimed 



T " later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand the 
principle or theory underlying ihe invention 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

" Y" document of particular relevance; the clauned invention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in (he art 

document member of the same patent family 



Date of the actual completion of the international search 
28 June 2002 (28.06.2002) 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
BoxPCT 

Washington, D.C 20231 
Facsimile No. (703)305-3230 



Date of mailing of the 



Authorized officer \ A Cj I / 

Telephone No. (703)305^3^1^^ 



Form PCT/ISA/210 (second sheet) (July 1998) 



